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Introduction 
Squamous cell carcinoma (SCC) is one of the most fre-
quent malignant tumours in cats, accounting for approx-
imately 15% of feline cutaneous tumours and 60–75% of 
oral tumours in cats.1,2 SCC affects mostly older animals 
with a mean age of 12 years.1

Cutaneous SCCs are usually found in unpigmented 
or lightly pigmented skin, and are most frequently 
located on the nasal planum (80–90%),3 pinnae (espe-
cially margins) (50%), eyelids (20%) and lip, presumably 
due to higher ultraviolet exposure of these locations.1,3 
Furthermore, infection with papillomavirus has been 
proposed as a possible contributing factor to develop-
ment of the disease.4,5 In addition, SCC could be diag-
nosed as a consequence of chronic dermatitis, lupus 
erythematosus, or cutaneous and follicular cysts. 
Cutaneous SCCs are usually present either as a prolifera-
tive lesion or as an ulcerative poorly healing wound, 
mostly in more advanced stages of the disease.1,3

SCCs of cats are locally invasive with late metastatic 
potential, predominantly in regional lymph nodes.3 
Generally, lesions with lower degree of local invasion 

(Tis and T1) respond more favourably to the treatment 
than lesions with significant invasion (T2–T4).1,3

A number of treatment modalities have been applied 
for treatment of cutaneous and oral SCCs, with generally 
good outcomes if the lesions are treated in the initial 
stage of the disease. Surgery and cryosurgery are the 
most commonly used treatment modalities,1 although 
some reports of radiotherapy6,7 and photodynamic ther-
apy have been published.8–10 In general, the recom-
mended aggressive surgical treatment (1–3 cm safety 
margins) is the easiest to perform in lesions located on 
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The aim of this study was to evaluate the efficacy and safety of electrochemotherapy (ECT) with bleomycin for 
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2 and 8 months after the ECT procedure. In the remaining two cats with highly infiltrative spread into adjacent 
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procedure. ECT in cats was well tolerated and no evident local or systemic side effects were observed. The results 
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the pinnae, resulting in 100% complete response with 
long-term control of the disease (>1.5 years) in the major-
ity of cases.11–13 Similarly, the response rate in studies 
using cryosurgery was nearly 100% for lesions located on 
pinnae and eyelids; however, the response rate of only 
70% was achieved in lesions located on nasal planum.14 
Different radiotherapy protocols have been applied in 
treatment of feline SCCs, resulting in a response rate of 
52–100%, depending on the stage of the disease, type of 
radiation protocol, concomitant treatment used, etc.8,15–18 
Strontium plesiotherapy, a form of superficial radiother-
apy, has provided long-term control with a high com-
plete response rate (88%) in 49 treated cats with nasal 
planum SCCs.6 A similar response was achieved using 
photodynamic therapy in superficial lesions, with a 
complete response obtained in 85% of the animals 
treated.9

Chemotherapy has only limited use in the treatment 
of feline SCCs. Different chemotherapeutic protocols uti-
lising either monotherapy or combinations of cytotoxic 
agents (eg, mitoxantrone, actinomycin D, doxorubicin/
cyclophosphamide combinations, bleomycin, carbopl-
atin) have been investigated, applied either intralesion-
ally or systemically, but generally with poor success and 
short-lived duration of therapeutic response.19–21 
However, chemotherapy could be beneficial as an adju-
vant therapy following surgery or radiotherapy for 
higher-grade lesions.1

Electrochemotherapy (ECT) is a combined use of 
chemotherapeutic drugs such as bleomycin or cisplatin 
in combination with high-voltage electric pulses that 
cause reversible permeabilisation of cell membranes, 
enabling the entry of drugs into the cells. ECT using 
either of these cytotoxic drugs, different injection routes 
and different parameters of electric pulses has been 
shown to be an alternative treatment option for local 
control of tumours of different histological types in dif-
ferent animal species22 and is also used in humans  
in more than 100 oncological centres throughout 
Europe.23–25

Bleomycin is the chemotherapeutic agent indicated 
for treatment of some types of carcinomas, including 
SCC, mostly in combination with other drugs or modali-
ties, and at a recommended dosage of 2 mg/m2 weekly 
or 125–200 mg of total cumulative dosage. It may cause 
acute toxicity with increased body temperature, ano-
rexia, vomiting and allergic reaction, and, rarely, myelo-
supression. Chronic toxicity may be presented with 
dermatological alterations (alopecia, rashes), stomatitis, 
pneumonitis and pulmonary fibrosis.26,27 In one study, a 
single administration of bleomycin (Soviet bleomycin, 
bleomycetin) had no significant effects on arterial pres-
sure, respiration, electrocardiogram characteristics and 
elements of the vegetative nervous system in narcotised 
cats.28

Results obtained in a preliminary study, published by 
Spugnini et  al29 in 2009 suggest that ECT with intrale-
sional administration of bleomycin, followed by bipha-
sic electric pulses, could be a safe and effective option for 
SCCs in cats. Nine cats with T2–T4 SCC received two 
sessions of ECT 1 week apart, and 7/9 cats (77.7%) had a 
complete response lasting up to 3 years.29

The aim of our prospective non-randomised pilot 
study was to establish the safety and efficacy of ECT, 
using intravenous administration of bleomycin, fol-
lowed by local application of standard parameters of 
electric pulses in treatment of subcutaneous feline SCCs.

Materials and methods
Patients
Between March 2008 and October 2011, 11 cats with cuta-
neous superficial SCCs were included in the prospective 
non-randomised pilot study conducted in accordance 
with protocols for ECT that were based on previous 
experience in human and animal clinical studies  
(Table 1).30–32 Written informed consent was obtained 
from each owner before beginning treatment.

The study cohort comprised of five males and six 
females of different breeds; their age ranged from 2.5 to 
14.5 years (median 12 years) (Table 1). Inclusion criteria for 
the study comprised of at least one cutaneous superficial 
tumour lesion, cytologically confirmed as SCC; good gen-
eral health status of the animal with the basic haematology 
and biochemistry profile within reference limits; normal 
renal and cardiovascular function; and an expected sur-
vival time of at least 3 months. The diagnosis was made 
based on examination of fine-needle aspiration biopsies 
taken from lesions, finding cytological criteria consistent 
with SCC. Clinical staging was performed using tumor, 
nodes, metastasis (TNM) adapted classification.33

Treatment protocol
Cats were premedicated with a combination of medeto-
midine (0.02 mg/kg Domitor; Pfizer Animal Health) 
and ketamine (2 mg/kg Bioketan; Vetoquinol). General 
anaesthesia was induced with propofol (1 mg/kg 
Diprivan; Zeneca) and maintained with isoflurane 
(Forane; Abbott Laboratories). During anaesthesia, 
animals received Hartmann’s solution (B Braun 
Melsungen) at a rate of 10 ml/kg/h. Where it was 
applicable, two perpendicular sizes (a, b) of ulcerative 
lesions were measured in cats under general anaesthe-
sia and the surface of lesions was calculated using the 
formula: area = a × b.

The dosage of bleomycin was determined according 
to the body surface area (BSA), calculated from the body-
weight (BW) mass with the formula: BSA (in m2) = (BW 
in g)2/3 × 10–3. ECT consisted of intravenous injection of 
bleomycin (3 mg/ml Blenoxane; Bristol-Myers) at a dos-
age of 30 mg/m2 BSA.
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Ten mins after injection of bleomycin, electroporation 
of the tumour was performed with the electric pulse 
generator (Cliniporator; Igea) using plate electrodes 
(two parallel stainless steel electrodes 8 mm apart and 
with a length of 30 mm). Good contact between the elec-
trodes and the skin was assured by depilation and appli-
cation of a conductive gel to the treatment area. Eight 
electric pulses were delivered with 1300 V/cm ampli-
tude to electrode distance ratio, a duration of 100 µs and 
a frequency of 5000 Hz.

Additionally, all animals were provided with oral 
analgesia using the non-steroidal anti-inflammatory 
drug meloxicam (Loxicom; Norbrook Laboratories) at a 
dose of 0.1 mg/kg/day for three consecutive days.

Treatment evaluation
In order to evaluate treatment effectiveness and possible 
local (during and after electroporation) and systemic 
(body temperature, respiratory and cardiac rate) side 
effects, the cats were examined during the first 4 h after 
drug administration, every 2 weeks for the first month 
and monthly thereafter. At each visit the treated tumours 

were measured and photographed. Response to treat-
ment was evaluated based on size and clinical appear-
ance of the surface area of treated tumours. Complete 
response (CR) was defined as complete eradication of 
the treated tumour with re-epithelialisation of skin. 
Partial response (PR) was defined as a decrease of >50% 
of the largest perpendicular diameters of measurable 
lesions. No change was defined as a reduction of <50% 
and an increase of <25% of the above-mentioned meas-
urements. Progressive disease was defined by an increase 
of >25%. In cases where it was not possible to obtain 
measurements because tumours were ulcerated or cov-
ered with crusts, they were rated as non-evaluable. The 
number of objective responses was determined by com-
bining the number of CR and PR. Observation time was 
calculated as the interval between the date of the first 
treatment and the date of the last examination of the 
patient. All data and parameters of the treatment proce-
dure were stored in an electronic database storing the 
electronic case record forms (CRF).34 The electronic CRF 
included measurements and photographs of the treated 
tumours before and after the treatment, and reports on 

Table 1 Clinical dates, treatment used and outcome in cats with cutaneous squamous cell carcinoma included in the 
study

Cat Age 
(years)

Sex Number of 
nodules

Location Staging Tx Outcome (1 
month after ECT)

Disease-free  
interval (months)

Notes

 1 12.0 F 1 P T1 ECT CR 13  
 2 12.0 M 2 P T2 ECT CR 8 Sx of both 

pinnae after 
recurrence

 P T2 ECT CR 8

 3 8.0 F 2 P T4 ECT CR 13  
 P T1 ECT CR 13  
 4 10.0 F 1 N Tis ECT CR 36  
 5 2.5 M 1 N T2 ECT CR 42  
 6 14.0 F 1 N T2 ECT CR 13  
 7 14.5 F 1 N T4 2 × ECT 1st ECT: CR

2nd ECT: PR
2
7

 

 8 13.0 M 1 N T4 ECT PD – Infiltrative 
growth into 
nasal and  
oral cavity

 9 12.0 F 1 N T3 ECT PD – Big lesion 
causing facial 
distortion

10 12.0 M 2 N T1 ECT CR 13  
 P T4 Sx CR 13  
11 10.5 M 4 N T2 ECT CR 28  
 P T2 ECT CR 28  
 P T2 ECT CR 28  
 E T2 ECT CR 28  

Tx = therapy; ECT = electrochemotherapy; F = female; M = male; P = pinna; N = nasal planum; E = eye canthus; T1 = <2 cm and superficial; T2 
= 2–5 cm or minimal invasion, regardless diameter; T4 = invasion in subcutis and other tissues, including fascia, muscle, cartilage or bone;33 Tis 
= carcinoma in situ; T3 = >5 cm or invasion in subcutis regardless of diameter; Sx = surgery; CR = complete response; PR = partial response; 
PD = progressive disease
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side effects that were evaluated according to Veterinary 
Cooperative Oncology Group Common Terminology 
Criteria for Adverse Events (VCOG–CTCAE) toxicity 
scale on a weekly basis for the first month, then monthly 
for 6 months and 3–6 monthly thereafter until the end of 
the follow up.35 Beside clinical evaluation, complete hae-
matology analyses and serum biochemical parameters 
(urea, creatinine, alanine aminotransferase, alkaline 
phosphatase, total proteins, albumin, phosphate, 
sodium, potassium and chloride concentration) were 
performed at each examination.

Results
Eleven cats with 17 cytologically confirmed cutaneous 
SCCs were enrolled in our study, with tumour stages 
ranging from Tis to T4 (Table 1). Six cats had lesions 
involving nasal planum, in three cats one or both pinnae 
were involved and two had multiple nodules involving 
nasal planum, pinnae and/or eye canthus (Table 1). Two 
of the lesions on nasal planum had infiltrated into the 

nasal mucosa (cat 7, Figure 1; cat 8, Figure 2) and two of 
the lesions involving pinnae had infiltrated into auricu-
lar cartilage (cats 3 and 10).

Altogether, 16/17 SCC nodules were treated with 
ECT; one nodule was surgically removed. All cats 
received a single ECT session except cat 7 (Figure 1), in 
which recurrence of tumour growth was observed after 
the first ECT session; therefore, one additional ECT was 
applied to the recurrent nodule 2 months after the first 
ECT session (Table 1). In 9/11 cats ECT was performed 
as a single therapy of SCC. In cat 10, which had two 
lesions, the low-grade tumour (T1) involving nasal pla-
num was treated with ECT and, at the same time, the 
higher-grade tumour (T4) involving the pinna was sur-
gically removed. In one patient with recurrent disease on 
the pinna (cat 2), surgical resection of the pinna was per-
formed 8 months after ECT.

Altogether, CR was achieved in 9/11 cats (81.8%) or in 
14/16 nodules (87.5%), lasting from 2 months up to 
longer than 3 years. Two of these cats in which CR was 

Figure 1 Cat 7. Squamous cell carcinoma on nose; stage T4, two sessions of electrochemotherapy (ECT) separated by 
2.5 months. Complete response by 2 months/partial response by 7 months; owner decision for euthanasia 9 months after 
treatment. (a) Before ECT; (b) 4 weeks after ECT; (c) 2 months after ECT and second ECT performed; (d) 1 week after second 
ECT session
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initially observed had recurrence before the end of obser-
vation period, 2 and 8 months after the ECT procedure 
(Table 1), and the other seven are still alive without any 
signs of recurrent tumour growth. In the remaining two 
cats with two nodules displaying highly infiltrative 
spread into adjacent tissues, progression of the disease 
was observed despite ECT and both were euthanased 4 
and 5 months after the procedure.

Safety evaluation
Cats tolerated the treatment well and no evident local 
or systemic side effects were observed. Muscle contrac-
tions were observed after the application of electric 
pulses. Only one contraction occurred as a result of the 
high repetition frequency of applied electric pulses (5 
kHz) and it was instantaneous, disappearing immedi-
ately at the end of the applied electric pulses. Treatment 
with bleomycin administered intravenously did not 
result in any local or systemic toxicity. All haematologi-
cal and biochemical parameters were within the refer-
ence intervals at each examination during the whole 
follow-up period (data not presented). In some cases, 

we noticed partial necrosis of the tumours after 1 week 
with formation of a superficial scab (grade 1 VCOG–
CTCAE), which fell off within 4 weeks, while in some 
cases the scab was not formed (Figure 3). After treat-
ment, none of the patients suffered from a local or sys-
temic infection.

Discussion
This study evaluated the efficacy and safety of ECT in 
the treatment of feline SCC, and demonstrated that this 
treatment option is an efficient and safe procedure, 
especially in cutaneous forms of the disease, resulting 
in a response rate of up to 87.5% of the treated 
nodules.

The clear drawback of this study is that it was not a 
randomised study within a planned clinical trial with 
appropriate statistical analysis comparing ECT to other 
standard treatments of SCC. The slow recruitment –
although most of the referred patients to our clinic were 
treated with ECT – has  enabled an observational study, 
providing data about the efficacy and safety of ECT in 11 
cats with 17 tumours.

Figure 2 Cat 8. Squamous cell carcinoma with infiltrative growth into nasal and oral cavity: (a) nose; (b) maxilla; (c) labia, stage 
T4, one session of electrochemotherapy; (d) progressive disease and euthanasia after 5 months
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SCCs involving facial skin in the cats can be extremely 
locally invasive. Response to therapy depends on the 
degree of invasiveness and it is much better for lower-
stage lesions (eg, Tis and T1) than for more advanced 
tumours.1 Although radical surgical excision can result 
in an excellent response rate, it is crucial to achieve clean 
surgical margins in order to gain good local control of 
the tumour. Wide surgical margins are not always appli-
cable owing to the anatomical locations of these tumours, 
especially in lesions located on nasal planum, eyelid or 
intra-orally. Radiotherapy and photodynamic therapy, 
despite being very successful in achieving local tumour 
control and prolongation of survival, are not widely 
available in veterinary medicine and are usually associ-
ated with considerable costs. Therefore, a new therapeu-
tic modality would be appreciated, which would 
combine both good anti-tumour and cosmetic effects at 
low cost, while being less invasive than radical surgery.

Experiences with ECT in treatment of different 
tumours in both human and veterinary medicine show 
that this novel tumour treatment meets the majority of 
these criteria.22,32 ECT combines either intra-tumoural or 
systemic application of the chemotherapeutic drug (ble-
omycin or cisplatin) with local application of electric 
pulses to the tumour, which facilitate uptake of the 
chemotherapeutic drug into the cells of tumours and 
thus enhance the killing of these cells.

In our study, ECT with systemic application of bleo-
mycin was used, resulting in an excellent local anti-
tumour effect. Complete response was achieved in 87.5% 
of treated tumours. In comparison, other non-surgical 
modalities, which resulted in similar complete response 
rates of 85–90% (55 cats), are photodynamic therapy9 
and strontium plesiotherapy (49 and 15 cats).6,36 
However, the disadvantage of phototherapy compared 
with ECT procedure is the length of treatment  

protocol — in a study of photodynamic therapy using 
photosensitising agent 5-aminolaevulinic acid, the cream 
was applied to the lesion every 30 mins for 6–8 h with 
cats being sedated during the whole period, followed by 
a 30-min illumination procedure under general anaes-
thesia.9 In pleisotherapy, the major drawback is the fact 
that the procedure is limited only to very superficial 
lesions early in the course of the disease, as the dose of 
radiation decreases significantly below depths of 2 mm.36 
Other different types of radiotherapy of cutaneous SCCs 
resulted in varying therapeutic responses in treated cats 
with CR rates of 25 tumours in 15 cats ranging from 40% 
using a hypofractionated protocol7 to 100% with a multi-
modality protocol utilising a combination of intrale-
sional carboplatin and superficial radiotherapy 
performed on six cats.16 The majority of curative radia-
tion protocols are performed with multiple fractions, 
often up to 12,16 which require that cats undergo multi-
ple general anaesthesia procedures, which can carry con-
siderable risks for older animals. This, along with the 
cost of such treatment, can be a significant deterrent  
for owners, despite relatively good efficiency of the 
treatment.

The only other report on using ECT for treatment of 
feline SCCs utilised intralesional application of bleomy-
cin and local delivery of biphasic electric pulses.29 Two 
consecutive ECT sessions delivered 1 week apart resulted 
in a slightly lower CR rate (77%, 7/9 cats) compared 
with 81.8% (9/11 cats) CR in the single ECT session 
employed in our study. Long-term remissions lasting 
longer than 1 year in the study by Spugnini et al29 were 
reached in 55% of treated nodules. In comparison, in our 
study, remission longer than 1 year was achieved in 
12/16 (75%) of the treated nodules.

The majority of small, low-grade lesions usually 
respond favourably to most types of treatment with the 

Figure 3 Cat 4. Squamous cell carcinoma on nose; stage T2, one electrochemotherapy session. Complete response (CR) after 
4 weeks without scab formation, CR >3 years. (a) Before treatment; (b) 4 weeks after treatment
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general rule that pinnal nodules are easier to treat than 
nasal planum lesions owing to their better accessibil-
ity.1,14 In our study, location did not affect outcome of 
therapy — both nasal planum (Figures 3 and 4) and pin-
nal tumours responded favourably. The only exceptions 
were two cats with advanced disease involving 
extremely big lesions with infiltrative growth into adja-
cent tissue (eg, nasal and oral cavity) (Figure 2). The 
prognosis of oral SCC in cats is much graver compared 
with cutaneous lesions, with very poor response rates 
and survival times after the majority of treatment 
modalities.1 With clinical stage being one of the most 
important prognostic factors for treatment of feline 
SCCs it came as no surprise that the two cats with dis-
ease stage T3 and T4 and highly invasive growth 
responded poorly to ECT.

The highest therapeutic value of this new treatment 
procedure can be seen in feline SCCs involving nasal 
planum, where, owing to the anatomical location, the 
radical surgical excision necessitates a highly invasive 
procedure requiring nosectomy, often with an unaccep-
table cosmetic effect for the owners.37 In our study, 

non-invasive forms of SCCs located on the nasal planum 
responded very well to ECT, with recurrence of tumour 
growth in only one of five patients with lesions located 
at this site. Furthermore, the cosmetic effect of therapy 
was very favourable.

The safety of this therapy for SCC in cats was demon-
strated by the lack of change in haematological and bio-
chemical parameters, as well as absence of clinical signs 
of bleomycin toxicity, and the absence of side effects 
associated with application of electric pulses. The safety 
of ECT has already been reported in human clinical tri-
als,38 as well as in our previous study on dogs with peri-
anal tumours employing ECT and bleomycin.30 
Application of electric pulses induces muscle contrac-
tions that are painful, especially on sensitive locations. 
The pain dissipates immediately after application of the 
pulses, but the number of sensations can be reduced to 
one by increasing the frequency of the pulse delivery to 
5 kHz. Pain in humans is controlled by local or general 
anaesthesia, as shown by virtual pain score of 35 (local) 
or 10 (general), 2 days after therapy. Analogous to human 
clinical trial reports, we can presume that cats 

Figure 4 Cat 6. Squamous cell carcinoma on nose; stage T2, one ECT session. Complete response (CR) after 8 weeks with 
superficial scab formation and good functional and cosmetic effect. CR > 1 year. (a) Before treatment; (b) 2 weeks after 
treatment; (c) 4 weeks after treatment; (d) 8 weeks after treatment
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undergoing ECT under general anaesthesia do not sense 
pain, short- or long-term, and that ECT can be generally 
considered safe.

Conclusions
The results of this observational, prospective, non-ran-
domised pilot study suggest that ECT is a highly effec-
tive and safe method of local tumour control of feline 
cutaneous SCC, even in advanced clinical stages, with 
anti-tumour efficacy comparable with other conven-
tional types of therapy. Therefore, ECT could be consid-
ered as an alternative treatment for SCC in cats, especially 
when other treatment approaches are not acceptable by 
the owners, mainly owing to their invasiveness, mutila-
tion potential or high cost.
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